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Interleukin-10 Gene Promoter Polymorphisms in Women with 




Recurrent spontaneous abortion (RSA), defined as three or more sequential abortions before 
the 20
th
 week of gestation, is a frequent obstetric problem. Certain cytokines may play a role 
in unexplained RSA and also some cytokine gene polymorphisms may affect the level of 
cytokine production. Reduced expression of IL-10 is implicated in RSA, due to defective 
maternal immune tolerance (causing early miscarriages) or placental vascular insufficiency 
(causing late losses). IL-10 production is in part inherited, and IL-10 gene variants 
associated with reduced IL-10 expression have been analyzed for their association with 
RSA. 
 
Objective: The aim of the present study was to investigate the relationship between 
interleukin-10 promoter variants -1082A/G, -819C/T, and -592C/A and RSA in Palestinian 
women residing in Gaza strip.  
 
Method: Retrospective case control study was performed between September 2013 and 
March 2014. Two hundred Palestinian women with RSA and 200 control women without 
previous history of  RSA, with at least two successful pregnancies were included in the 
study.  PCR allele-specific amplification (PCR-ASA) method was used for IL-10 
genotyping.  
 
Results: None of the investigated IL-10 promoter gene polymorphisms showed significant 
association with increased risk of RSA. Regarding IL-10 1082A/G polymorphism, the 
significantly higher homozygous (GG and AA) genotypes in the controls (8.0%, 32.0% 
respectively) and the lack of significant difference in terms of the frequency of A or G 
alleles between RSA and control groups (P-value= 0.66) imply that neither allele constitutes 
a risk factor for RSA in the study sample. Interestingly, the observed genotypic distribution 
of this polymorphism deviated significantly from HWE expectation with an unexpectedly 
high observed heterozygosity (P-value=0.00011). The high observed/expected 








Conclusion: The examined IL-10 promoter gene polymorphisms are not associated with 
increased risk of RSA in Gaza strip-Palestine. Future work should be directed to correlate 
the level of IL-10 cytokine with the three polymorphisms. Examining additional IL-10 








































غير  الالتي تعاني من اإلجهاض المتكررالنساء  في 01ىكين ينترلاالالتعذد الشكلي لجين 
 في قطاع غزة معروف السبب
 
بفقذاٌ انحًم نزالد يشاث أو أكزش حؼشف يخكشسة  يشكهتهٍ  RSA)) إلصهبض انًخكشس انخهقبئٍا: الذراست ملخص
يؼشوفت غُش ان RSA حبالث ال ػهً انخىانٍ قبم إحًبو ػششٍَ أسبىػب يٍ انحًم. بؼط انسُخىكُُبث قذ حهؼب دوسا فٍ
 IL-10. حُذ أٌ اَخفبض انخؼبُش ػٍ ضُُبث قذ حؤرش ػهً يسخىي إَخبس انسُخىكُُبثنه، وكزنك بؼط األشكبل انًسبب
 أو( انًبكش اإلصهبض فٍ سببخَيًب ) نألو انًُبػٍ انخسبيحفٍ  خهمورنك َبحش ػٍ ، RSA بؼط حبالث ال وصذ فٍ
 حى قذف ،بؼىايم وسارُتيشحبط  IL-10 إَخبسحُذ أٌ و  يخأخش(. وقج فٍ خسبئش حسبب) انذيىَت نهًشًُت األوػُت قصىس
 RSA.وسبطهب بحذود ال   IL-10 بَخفبضب انًشحبطت  IL-10 نضٍُ انًخغُشاث دساست 
 
ويذي اسحببطهب  592C/A- و  819C/T- و 1082A/G- وهٍ  IL-10دساست رالرت اًَبط يٍ انضٍُ الهذف: 
 فٍ كم يٍ انُسبء انخٍ حؼبٍَ يٍ اإلصهبض انًخكشس فٍ قطبع غضة. ببإلصهبض انًخكشس
 
أصشَج دساست يقبسَت بٍُ األصحبء وانًشظً بغشض ححذَذ انؼالقت بٍُ األًَبط انضُُُت وحذود اإلصهبض  :تالطريق
صهبض حبنت حؼبٍَ يٍ اإل 211، حأنفج يضًىػت انذساست يٍ 2102و يبسط  2102انًخكشس فٍ انفخشة يب بٍُ سبخًبش 
حبنت يٍ انُسبء االصحبء انالحٍ ال حؼبٍَ يٍ أٌ إصهبض سببق ونذَهب ػهً األقم طفهٍُ. واسخخذيج  211انًخكشس و 
 نهخؼشف ػهً األًَبط انضُُُت نخحذَذ  انخكىٍَ انضٍُُ نكم حبنت ويذي اسحببطه بحذود اإلصهبض. PCR-ASAحقُُت 
 
-أٌ يٍ األًَبط انضُُُت انًفحىصت أٌ ػالقت يغ حذود اإلصهبض انًخكشس. وببنُسبت نهًُط انضٍُُ لم يظهر  :النتيجت
1082A/G  فئَه نى َشكم ػبيم خطش نحذود اإلصهبض انًخكشس فٍ ػُُت انذساست حُذ أٌ انخكىٍَ انضٍُُ أػهً فٍ فئت
)قًُت  A,Gيغ ػذو وصىد دالنت إحصبئُت يٍ حُذ األنُالث  (انخىانٍ ػهً٪ AA,GG )(0.1٪، 22.1األصحبء )
 ػٍ نهزا انخكىٍَ اَحشف كزُشا انىسارٍ انخىصَغ(. واػخبش هزا انخكىٍَ يزُشا نالهخًبو حُذ أٌ 0.66اخخببس انذالنت= 
HWE  يغ صَبدة يهحىظت بشكم غُش يخىقغ نمAG =ُذ أٌ (. ح0.00011حغبَش انضَضىث انًالحع )قًُت اخخببس انذالنت
 نهزا انخكىٍَ انضٍُُ. "heterozygote advantage"اسحفبع انضَضىث انًخغبَش انًالحع ببنُسبت نهًخىقغ َؼخبش يُضة 
 
ببنشغى يٍ أٌ األًَبط انضُُُت انًفحىصت نى حظهش أٌ ػالقت يغ صَبدة َسبت حذود اإلصهبض انًخكشس، َُبغٍ  الخالصت:
واألًَبط انضُُُت انزالرت ودساست أًَبط صُُُت أخشي نهزا  IL-10أٌ َىصه انؼًم انبحزٍ انًسخقبهٍ نشبط يسخىي سُخىكٍُ 
 ششة بحذود اإلصهبض. ( و نضُُبث أخشي قذ َكىٌ نهب ػالقت يببIL-10انضٍُ )
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Recurrent spontaneous abortion (RSA) is a distressing problem, particularly to 
Palestinian families who are fond of having large families (Sharif, 2012). RSA is 
usually defined as three or more consecutive pregnancy losses before the 20th week 
of gestation, with 1-3% of women experiencing RSA (Toth et al., 2010). 
 
Frequently, the cause is elusive or multifactorial, and misinformation abounds, giving 
rise to frustration for the couple and the physician (Branch et al., 2010). However, 
after ruling out chromosomal, endocrine, infectious, anatomic, and autoimmune 
factors, the causes of more than 50% of RSA remain idiopathic leaving couples 
without suggestive specific therapeutical approaches against a cause (Hong et al., 
2008). 
 
Recently, immune pathways have been implicated in the pathophysiology of RSA 
(Matthiesen et al., 2012). Dysregulated immunity was proposed as a potential 
mechanism underlying RSA (Jenkins et al., 2000; Choudhury and Knapp, 2001; 
Raghupathy, 2001). This reportedly included autoimmune abnormalities (positive 
anti-phospholipid, anti-nuclear and anti-microsomal antibodies) (Arnold et al., 2001), 
increased cellular immunity and altered T helper Th1-Th2 balance (Makhseed, 2001). 
 
Some studies have led to the awareness that immunological factors involved in 
maternal–fetal immune interaction play an important role in establishing a successful 
pregnancy (Walia et al., 2008). It was suggested that these unexplained RSA might be 
due to immunologic factors. Different studies have shown that cytokines play a major 
role in reproductive events. For instance, IFN-γ and TNF-α inhibit trophoblast growth 
and differentiation, whereas IL-4, IL-10 and IL-13 may promote embryo development 
and placentation. On the basis of these observations, a Th2-type dominant response 
has been associated with normal pregnancy, whereas a Th1-type response has been 





In view of the cytokine gene polymorphisms known to cause high and low production 
of various proinflammatory and anti-inflammatory cytokines, a number of studies 
have been performed to reveal the association between these polymorphisms and RSA 
(Walia et al., 2008). 
 
Among Th2 cytokines, IL-10 plays a key role in Th2 immunity. Located on human 
chromosome 1 (1q31–q32), many single-nucleotide polymorphisms (SNPs) were 
reported in the proximal (at positions -1082A/G, -819C/T and -592C/A) and distal 
regions of the IL-10 gene and were reportedly involved in IL-10 transcription rate, 
thereby directly affecting its production level (Azarpira et al., 2010; Kaur and Kaur, 
2011). 
 
During pregnancy, IL-10 is produced locally in the fetoplacental unit by 
cytotrophoblast, and it up-regulates the human leukocyte antigen (HLA-G) expression 
of cytotrophoblasts at the feto-maternal barrier. It has been suggested that this protects 
the fetus from rejection (Karhukorpi et al., 2001). 
 
Interleukin-10 interacts with different factors and cells playing a central role in 
pregnancy. Produced both by Th2 and T regulatory cells, IL-10 exerts an inhibitory 
effect on Th1 cells and modulates maternal immune response (Cochery-Nouvellon et 
al., 2009; Daher et al., 2012).   
 
The production of IL-10 varies according to specific alleles at position –1082, –819, 
or –592 (Daher et al., 2012). The association of IL-10 promoter SNPs with recurrent 
miscarriage has been reported by several studies but with inconclusive findings 
(Kamali- Sarvestani et al., 2005; Zammiti et al., 2008; Cochery-Nouvellon et al., 
2009; Parveen et al., 2013). 
 
The present study was designed in order to investigate the association between certain 
IL-10 gene polymorphisms and RSA, where the prevalence of three known promoter 








Certain IL-10 genotypes are expected to be associated with increased risk of RSA or, 
the opposite, could represent a protective factor from miscarriage. The prevalence of 
such polymorphisms will be determined in women with RSA in Gaza strip.  
 
1.3. Statement of Problem 
Over 50% of RSA cases are with unknown etiology and it generally affects 1-3% of 
pregnant women. The effect of -592C/A, -819C/T and -1082A/G Interleukin-10 
promoter polymorphisms on the risk of RSA in the Palestinian population has not 
been explored yet.  
  
1.4. Objectives 
1.4.1. General objective 
To explore the relation between -592C/A, -819C/T and -1082A/G Interleukin-10 
promoter polymorphisms and recurrent spontaneous abortion. 
 
1.4.2. Specific objectives 
1. To investigate genotype and allele frequencies of -592C/A, -819C/T and -
1082A/G polymorphisms in Interleukin-10 gene promoter region among women 
with recurrent spontaneous abortion and healthy controls. 
2. Examine the association between -592C/A, -819C/T and -1082A/G Interleukin-10 
promoter polymorphisms and recurrent spontaneous abortion. 







 This study is the first to investigate the relationship between Interleukin-10 
promoter polymorphisms and recurrent spontaneous abortion in women in Gaza 
strip.  
 RSA is a global problem experienced by about 1-3% of women, with the cause 
being unknown in over 50% of the cases.  
 This investigation may help elucidate one of the causes of idiopathic RSA.  
 It is one of  the current challenges of medicine to find those underlying causes that 
may help define one of the genetic markers to RSA.  
 It is important to study the immunologic factors and expected associated genes 
that play critical role in maintenance of successful pregnancy as this helps to 
understand of the immunobiology of pregnancy and helps us to understand the 







































2.1.  Recurrent spontaneous abortion: 
Recurrent spontaneous abortion (RSA) is one of the most frustrating and 
difficult areas in reproductive medicine because the etiology is often unknown and 
there are few evidence-based diagnostic and treatment strategies. RSA is a 
surprisingly common occurrence, with approximately 15% of all clinically recognized 
pregnancies result in spontaneous loss, there are many more pregnancies that fail prior 
to being clinically recognized (Saito, 2009). 
2.1.1. Definition and prevalence: 
RSA also referred to as recurrent miscarriage or habitual abortion, is 
classically defined as three or more consecutive pregnancy losses before the 20th 
week of gestation. Around to 1-3% of fertile women experiencing RSA (Toth et al., 
2010). Based on the incidence of sporadic pregnancy loss, the incidence of RSA 
should be approximately 1 in 300 pregnancies (Ford and Schust, 2009). RSA can be 
classified into primary recurrent spontaneous abortion and secondary recurrent 
spontaneous abortion. Primary recurrent miscarriage (RM) refers to patients with 
consecutive losses and no prior successful pregnancy; secondary RM refers to losses 
following a live birth (Pandey et al., 2005). 
2.1.2. Known risk factors of RSA 
Age and success of previous pregnancies are two independent risk factors that 
affect the loss rate. Many authors have observed an increasing risk of fetal death, in 
particular spontaneous abortion, with increasing maternal age. Outcome of previous 
pregnancies is another decisive factor in the risk of pregnancy loss. For young women 
who have never experienced a loss, the rate of a clinical miscarriage is as low as 5%. 
The risk increases to approximately 30% for women with three or more losses but 







2.1.3. Etiology of RSA 
Known etiologic factors of RSA include parental chromosomal abnormalities, 
uterine anatomic abnormalities, antiphospholipid antibody syndrome (APS), 
hereditary thrombophilias, endocrine disorders, immunologic factors, infections, and 
nutritional and environmental factors as illustrated in Figure 2.1. After evaluation for 









Figure 2.1 Etiology of recurrent spontaneous abortion and their estimated frequencies 
in women with RSA. APS, antiphospholipid antibody syndrome (Ford and Schust, 
2009). 
Table 2.1 Suggested Diagnostic Evaluation of Recurrent Pregnancy Loss Based 
on Etiology (Ford and Schust, 2009).  
 
Etiology Suggested Diagnostic Evaluation 
Genetic Parental karyotype 
Anatomic 




Possible testing for insulin resistance, serum prolactin level, ovarian 
reserve testing, antithyroid antibodies 
Infectious 
No evaluation recommended unless patient has evidence of chronic 
endometritis/cervicitis on examination, or is immunocompromised 
Autoimmune Anticardiolipin antibody levels (IgG and IgM(, Lupus anticoagulant 
Non-APS  
thrombophilias 
Homocysteine, factor V Leiden, prothrombin 
promoter mutation, activated protein C resistance 






A. Chromosomal and single gene disorders 
In about 4% of couples suffering from RSA, changes in the karyotype 
including balanced reciprocal translocations, Robertsonian-translocations, gonosomal 
mosaic and inversions are found, compared to 0.2% within control couples (Franssen 
et al., 2005; Karatas et al., 2014). Chromosomal translocation is the most common 
structural rearrangement involved in recurrent miscarriage. Cytogenetic screening of 
couples with recurrent abortion reveals that the prevalence of translocation in either 
parent is 3% to 5%, with the wife being affected twice as frequently as the husband. 
Pregnancy loss and fetal abnormalities depend on the size, location, and type of 
structural rearrangement (Dhont, 2003).  
Although the carrier of a balanced translocation or inversion is usually 
phenotypically normal, these structural abnormalities may cause pregnancy loss 
because unusual segregation of misaligned chromosomes during meiosis results in 
unbalanced gametes with consequent fetal loss. The risk of miscarriage in couples 
with reciprocal translocations is approximately 25 to 70% and with Robertsonian 
translocations is approximately 25%. The risk for pregnancy loss with a chromosome 
inversion is not precisely known (Al-Ashi and Sharif, 2013). 
All the four factors, namely low maternal age at second miscarriage, a history 
of three or more miscarriages, a history of two or more miscarriages in a brother or 
sister and a history of two or more miscarriages in the parents of either partner 
increase the probability of carrier status. The incidence of carrier status increases from 
approximately 0.7% in the general population to 2.2% after one miscarriage, 4.8% 
after two miscarriages, and 5.2% after three miscarriages. If one of the partners carries 
a structural chromosome abnormality, products of conception can have a normal 
karyotype, the same karyotype as the carrier parent, or an unbalanced karyotype. The 
last of these can lead to miscarriage, stillbirth, or the birth of a child with major 
congenital impairments (Franssen et al., 2005).  
Single gene disorders (e.g. alpha thalassemia major) can contribute to late 
(second and third trimester) pregnancy losses. It seems that the likelihood of 
chromosomal disorders in RSA couples is increased in women with low maternal age, 







B. Anatomic defects 
Uterine malformations, most commonly arcuate and septate uteruses are 
detected in 10 to 15% of women with recurrent miscarriage but in only 5% of controls 
and evaluation of the uterine cavity (primarily to look for a septum) is recommended 
by professional organizations in women with recurrent miscarriage. Vascular 
insufficiency is thought to underlie miscarriage in the case of septate uterus (Branch 
et al., 2010). 
C. Endocrine dysfunction 
It is estimated that approximately 8 to 12% of all pregnancy losses are the 
result of endocrine factors. During the preimplantation period, the uterus undergoes 
important developmental changes stimulated by estrogen, and more importantly, 
progesterone. Progesterone is essential for the successful implantation and 
maintenance of pregnancy. Therefore, disorders related to inadequate progesterone 
secretion by the corpus luteum are likely to affect the outcome of the pregnancy. 
Luteal phase deficiency, hyperprolactinemia, and polycystic ovarian syndrome are 
some examples (Smith and Schust, 2011). Several other endocrinological 
abnormalities such as thyroid disease, hypoparathyroidism, uncontrolled diabetes, and 
decreased ovarian reserve have been implicated as etiologic factors for recurrent 
pregnancy loss (Arredondo and Noble, 2006). 
D. Hematological factors 
Intensive angiogenesis, coagulation, and fibrinolysis accompany implantation. 
Coagulation and fibrinolysis are simultaneously ongoing processes in the body. 
Women with thrombophilia are at increased risk for thrombosis and adverse maternal 
and fetal outcomes. Thrombophilia can be acquired or inherited (Figure 2.2). The 
most common thrombophilia is acquired and is manifested by elevated circulating 
antiphospholipid antibodies. Autoantibodies to phospholipids (eg, phosphatidylserine, 
cardiolipin, lupus anticoagulant) are responsible for the so-called antiphospholipid 
syndrome. The diagnosis can be established when there is an adverse obstetric 
outcome (e.g., pregnancy loss, fetal demise, severe toxemia, intrauterine growth 
restriction) and one of the antibodies (IgG, IgM) is detected (Shubair et al., 2009).  
About 40% of thromboembolisms and about 30% of obstetrical complications 
are associated with inherited thrombophilia. The most common defects are mutation 





is supposed to slow down thrombin formation; prothrombin gene mutation and 
hyperhomocysteinemia. Protein C, protein S, and antithrombin III deficiency are less 
frequent causes. The most common finding in inherited thrombophilia is factor V von 
Leiden mutation. This point mutation (G to A transition in nucleotide 1691 with 
replacement of arginine 506 by glutamine) renders activated factor V partially 
resistant to degradation by activated protein C. It leads to a hypercoaguable state via 
persisting prothrombin activity. The second most common form of inherited 
thrombophilia is the prothrombin (factor II) polymorphism G20210A. This mutation 
increases the concentration of circulating prothrombin (Coulam et al., 2006; 















Figure 2.2 Factors that are thought to be associated with recurrent miscarriage and 
clotting abnormalities. Key among these factors is the presence of antiphospholipid 
antibodies. Together all factors may have additive negative effect on pregnancy 












E. Infectious Agents 
Certain infections, including Listeria monocytogenes, Toxoplasma gondii, rubella, 
herpes simplex virus (HSV), measles, cytomegalovirus, and coxsackieviruses, are 
known or suspected to play a role in sporadic spontaneous pregnancy loss. However, 
the role of infectious agents in recurrent loss is less clear, with a proposed incidence 
of 0.5% to 5%. The proposed mechanisms for infectious causes of pregnancy loss 
include: (1) direct infection of the uterus, fetus, or placenta, (2) placental 
insufficiency, (3) chronic endometritis or endocervicitis, (4) amnionitis, or (5) 
infected intrauterine device. Because most of these are isolated events, it appears that 
there is a limited role for infections as a causative factor in RPL. Those particular 
infections speculated to play a role in RPL include mycoplasma, ureaplasma, 
Chlamydia trachomatis, L monocytogenes, and HSV. The most pertinent risk for RPL 
secondary to infection is chronic infection in an immunocompromised patient (Ford 
and Schust, 2009). 
F. Toxic and environmental effects 
Body weight is closely linked to reproductive success. Both obesity and low weight 
are associated with adverse pregnancy outcome. Women planning to conceive should 
be instructed on the benefits of a healthy diet (e.g., sufficient folic acid intake) and 
regular exercise. A woman with repetitive losses and low (< 19 kg/m
2
) or high (> 25 
kg/m
2
) body mass index (BMI) should not attempt pregnancy without achieving a 
normal body weight. Maternal smoking, caffeine and alcohol consumption, and illicit 
drug (e.g., cocaine) use have been linked to pregnancy loss. Stress has also been 
shown to be associated with higher pregnancy loss rate. 
The risk of pregnancy loss is higher in women with certain chronic maternal 
diseases (e.g., liver, renal, autoimmune disease). Women suffering from such 
conditions should attempt pregnancy when the disease is well controlled. A 
consultation with a perinatologist can help the preparation for pregnancy. Some 
medications, such as nonsteroidal anti-inflammatory drugs and aspirin, are linked to 
pregnancy loss. Teratogenic drugs should be discontinued and replaced by an 
alternative before conception. Certain environmental effects (radiation, environmental 






G. Immunologic Etiologies 
Traditionally, it is thought that about 5% of couples suffer recurrent 
miscarriage of immunological origin (RSAI) and this number increases to 40% after 
four pregnancy losses (Beaman et al., 2012).  
It has been suggested that a necessary prerequisite for successful pregnancy 
involves maternal recognition of the embryo leading to protective immune response. 
The implanting embryo inherits its antigens from both mother and the father. The 
paternal antigens are identified as foreign by maternal immune system. In order to 
prevent the rejection of the pregnancy this immune response needs to be modulated. It 
has been proposed that in otherwise unexplained pregnancy loss, dysregulation of the 
immune system could be responsible for the factor (Begum et al., 2011). 
A significant portion of these pregnancy losses is associated with immune 
etiologies, including autoimmune and cellular immune abnormalities. The 
pathogenesis of autoimmune RSA was mainly associated with antiphospholipid 
antibody (APA), while that of alloimmune RSA was due to the disturbance of 
maternofetal immunological tolerance. One etiology in some but not all patients with 
RSAI is the presence of anti-phospholipid antibodies. Antiphospholipid antibody 
syndrome may or may not have a direct cause and effect with the RSAI but the final 
effect is undoubtedly on coagulation and ultimately blood flow and nutrition to the 
placenta. This causes fetal demise and pregnancy loss (Kwak-Kim et al., 2010). 
It has been postulated that immunologic aberrations may be responsible for 
these cases of otherwise unexplained recurrent miscarriage. The physiological 
mechanisms that allow a mother to tolerate her semi-allogeneic baby are unclear. 
Potential allogeneic factors have been suggested and extensively investigated. Early 
reports proposed that human leukocyte antigens (HLAs) compatibility of couples, the 
absence of maternal leukocytotoxic antibodies, or the absence of maternal blocking 
antibodies were related to recurrent miscarriage. Defects in molecular 
immunosuppressive factors (cytokines and growth factors) at the local 
decidual/trophoblast level have been implicated. Elevated levels of systemic natural 
killer (NK) cells have also been found in the blood of women having miscarriages of 
karyotypically normal pregnancies (Porter et al., 2006). 
For example, trophoblasts do not express major histocompatibility complex 





immune system. There have been reports, however, that trophoblasts from women 
with recurrent pregnancy loss aberrantly express MHC II antigens, and it may be that 
an immune response is mounted against these trophoblasts.  An alternative 
explanation suggests that blocking antibodies need to be present that hide the paternal 
antigens from the maternal immune system, allowing successful implantation and 
progress of pregnancy. However, successful pregnancies have been reported among 
women without blocking antibodies and also among women with 
agammaglobulinemia (Hill, 1997).  
Many cytokines that modify the immune response are produced during 
pregnancy. Some of these favor pregnancy (e.g., Th2, Il-3, Il-4, Il-5, IL-10- Il-13), 
and others are toxic to it (e.g., Th1, TNF-alpha, TNF-beta, gamma-interferon, Il-2). A 
shift to Th1 dominance increases the risk for pregnancy loss. Th1 cytokines may 
directly damage the placenta or possibly activate immune cells that induce rejection 
(Christiansen, 2006; Begum et al., 2011). 
Natural killer cells (NK cells) can be found in large numbers in the uterus. 
Elevated levels of NK cells have been found in peripheral blood among women with 
reproductive failure. These cell populations differ from the natural killer cells of the 
endometrium, however, and reports about uterine natural killer cells are contradictory. 
Their exact role in pregnancy loss is unknown. Natural killer cells are thought to alter 
the humoral response to pregnancy and induce the Th1 dominance that would lead to 
pregnancy loss. The latter case seems to be linked to the increased numbers and 
killing activity of NK cells (Peeva, 2010). 
Progesterone plays an important role during implantation and pregnancy. 
Progesterone is required to induce secretory changes that prepare the endometrium for 
the arriving embryo. However, progesterone also has an immunomodulatory effect. It 
stimulates the production of progesterone-induced blocking factor that suppresses 
natural killer cell activity and increases the Th-2 response. This suppressive effect 
favors implantation and the progress of early development (Makhseed and 
Raghupathy, 2002). 
There are a lot of unanswered questions about the immunology of early 
pregnancy. Partial roles of several cytokines and immune cells are known, but 
important details are lacking and further research is clearly needed. Routine 






2.2. Immunology of pregnancy 
Although the maternal immune system is not altered in pregnancy, the 
antigenically dissimilar fetus is able to survive in the uterus without being rejected. 
Medawar, in the early 1950, recognized for the first time the unique immunology of 
the maternal–fetal interface. Colbern and Main in 1991 redefined the conceptual 
framework of the reproductive immunology as maternal–placental interaction instead 
of maternal fetus tolerance. The key to this successful fetal allograft appears to be the 
placenta as the placenta serves as an effective interface between the maternal and fetal 
vascular compartments by keeping the fetus from direct contact with the maternal 
immune system. The placenta also produces estrogen, progesterone, human chorionic 
gonadotropin (hCG) and human placental lactogen (hPL), all of which may contribute 
to suppression of maternal immune responses on a local level. In addition, the 
placenta is the site of origin for blocking and masking antibodies, which alter the 
immune response (Beckmann et al., 2013). 
 
2.2.1. Changes in the Peripheral Immune Response During Pregnancy 
During weeks 8–12, when placental circulation is established, the maternal 
peripheral blood is in close contact with semiallogeneic villous trophoblasts. These 
trophoblasts are able to produce and shed factors, such as IL-4 and 
syncytiotrophoblast microfragments or fetal cells into the maternal circulation. Such 
factors affect the immune system. The presence of proinflammatory factors in the 
plasma of pregnant women has been shown by Faas et al., who demonstrated that 
incubation of monocytes with plasma from pregnant women activated this cell type. 
Moreover, the passage of maternal blood through the placenta activates inflammatory 
cells such as granulocytes and monocytes (Fass et al., 2008). 
2.2.2. Types of the immune response 
The immune system eliminates foreign material in two ways: natural/innate 
immunity and adaptive immunity. Natural immunity produces a relatively 
unsophisticated response that prevents access of pathogens to the body. This is a 
primitive evolutionary response that occurs without the need of prior exposure to 
similar pathogens. For example, It is generally accepted that the innate immune 





significantly increase during normal pregnancy and these cells also show phenotypical 
and functional activation. Adaptive immunity an additional, more sophisticated 
response, highly specific and normally is potentiated by repeated antigenic encounters 
(Mor, 2006). 
Adaptive immunity consists of two types of immune responses: humoral 
immunity, in which antibodies are produced and, cellular immunity, which involves 
cell lysis by specialized lymphocytes (cytotoxic T cells). Adaptive immunity is 
characterized by an anamnestic response that enables the immune cells to remember 
the foreign antigenic encounter and react to further exposures to the same antigen 
faster and more vigorously and by the use of cytokines for communication and 
regulation of the innate immune response. It is now recognized that although the T 
helper (Th1/Th2) balance is important in pregnancy, the immunological paradox of 
pregnancy is much more complicated. Th17 cells and regulatory T cells have also 
been shown to be involved in the complex immune regulation seen during pregnancy 
(Herberts et al., 2010).  
 
2.2.3. Cytokines Th1 and Th2 Type 
Cytokines are low molecular weight extracellular proteins secreted by immune 
and inflammatory cell populations representing a group of proteins and peptides that 
are used in organisms as signaling compounds allowing communication between the 
cells (Desai, 2007). They are particularly important in both innate and adaptive 
immune responses. Due to their central role in the immune system, cytokines are 
involved in a variety of immunological, inflammatory and infectious diseases. 
However, not all their functions are limited to the immune system, as they are 
involved in several developmental processes during embryogenesis (Walia et al., 
2008). 
Cytokines, originally known as immuno-regulatory proteins, may affect the 
neuro-endocrine events of reproduction, ovarian/testis function, endometrium, the 
developing embryo, placenta and parturition (Rutanen, 1993).  
Cytokines play critical roles in reproductive events. Although they are 
necessary for normal pregnancy development, depending on the conditions such as 
quantity, stage of gestation, and locality of expression, these factors may affect 





(Saini et al., 2011). Although various classifications for cytokines have been 
suggested on the basis of their mode of action, structure, receptors, etc. but depending 
on their inflammatory reactions, they are broadly categorized into pro-inflammatory 
and anti-inflammatory cytokines which are produced by (Helper T cells) Th-1 and Th-
2 cells, respectively (Daher, 2013; Christiansen, 2014). 
T helper cell activation results in the differentiation of naive Th0 cells into Th1 
and Th2 cells, with unique cytokine profile and effector functions (Mosmann and Sad, 
1996). Th1 cells produce pro-inflammatory cytokines namely interleukin 2 (IL-2), 
interferon (IFN)-γ and tumor necrosis factor (TNF)-α and are involved in cell-
mediated responses and delayed-type hypersensitivity reactions whereas, Th2 cells 
produce anti-inflammatory cytokines namely IL-4, IL-5, IL-10 and IL-13 that evoke 
humoral immunity and are also known to control the action of Th-1 dependent 
cytokines as they act antagonistically on Th-1 cells which otherwise might attack 
fetus or the trophoblasts in general (Zammiti et al., 2006; Makino, 2010). 
 
2.2.4. The effects of Th-1 and Th-2 type cytokines in pregnancy 
Th1 and Th2 cells reciprocally regulate each other's function through their 
respective cytokines. An anti-inflammatory T helper (Th2-type) immunity profile is 
apparently essential for a successful pregnancy outcome, whereas a dominant 
inflammatory (Th1-type) pattern has been associated with poor gestational outcomes 
as described in Figure 2.3. Although necessary for normal embryo implantation, IFN-
γ and TNF-α have also been linked to negative gestational outcomes. Interleukin-4 
and IL-10, important anti-inflammatory cytokines during the period of embryonic 
development, apparently act by inhibiting Th-1 cells and macrophage function 





Figure 2.3  Schematic representation of the effects of Th-1 and Th-2 type cytokines 






2.3. IL-10 and Pregnancy 
The balance of locally produced pro-inflammatory and anti-inflammatory 
cytokines is critical to the success of pregnancy. Among these locally- produced 
factors, IL-10 seems to be the most potent immunosuppressive and anti-inflammatory 
molecule. First discovered as a molecule that could inhibit cytokine production and 
proliferation of T cells, IL-10 has been shown to exhibit a wide array of 
immunosuppression activities on various immune cells. Among these include the 
inhibition of antigen presenting cell function, inhibition of expression of 
inflammatory cytokines, inhibition of cytotoxic T cell (CTL) responses and induction 
and function of regulatory T cells, and regulation of the survival and proliferation of 
B cells. Additionally, IL-10 has been shown to both inhibit and promote the growth of 
tumors. IL-10 is known to down-regulate MHC class I expression on tumor cells, thus 
inhibiting CTL killing of these cells. However, down-regulation of MHC class I 
molecules might render tumor cells susceptible to NK cell killing. In addition, 
subpopulations of regulatory T cells have been shown to produce IL-10 to regulate 
inflammatory responses. Interestingly, reports suggest that CD4+CD25+ Treg cells 
expand during pregnancy and promote successful pregnancy outcome (Mor, 2006). 
 
2.3.1. Discovery of IL-10 
In 1989, Mosmann and co-workers described a novel immune mediator that is 
secreted by mouse type 2 T-helper cell clones (Th2) and inhibits the synthesis of 
interleukin (IL)-2 and interferon (IFN)-γ in Th1 cell clones. Originally named 
‘‘cytokine synthesis inhibitory factor’’ (CSIF), this mediator was accepted as ‘‘IL-
10’’ in the everyday cytokine nomenclature (Sabat et al., 2010).  
2.3.2. The IL-10 Gene, Protein and Expression 
The gene encoding human IL-10 is located on chromosome 1q31-32. It covers 
a total of 5.1 kb pairs and comprises five exons and four introns. The IL-10 gene 
encodes a 178 amino acids long protein, which is secreted after cleavage of the 18 
amino acids comprising signal peptide. Between human (h) and murine (m) IL-10, 
there is an approximately 75% identity in the amino acid sequence. Transcriptional 






 The Interleukin IL-10 is a 36 kDa homodimeric anti-inflammatory cytokine 
(Azarpira et al., 2010).  
IL-10 is expressed in a wide variety of cell types. Among immune cell 
populations, IL-10 expression has been observed in T cells, B cells, macrophages, 
dendritic cells and NK cells as shown in Figure 2.4. Many non-immune cell 
populations also express IL-10; most prominently both mouse and human placental 
trophoblast cells and decidual stromal cells (Mor, 2006; Sabat et al., 2010). This 
cytokine has potent pleiotropic effects in immune regulation and inflammation. It is 
capable of inhibiting the synthesis of proinflammatory cytokines such as IFN- γ, IL-2, 
IL-3, TNF-α and GM-CSF made by cells including macrophages and the type 1 T 













Figure 2.4  CD4+ T cells as IL-10 sources (Sabat et al., 2010). 
 
 It has the dual ability of immunosuppression or immunostimulation via the 
production of pro-inflammatory cytokines by the inhibition of T-helper 1 (Th1) 
lymphocytes and stimulation of B lymphocytes and Th2 lymphocytes, and thus 





IL-10 gene is mapped to the chromosome 1(1q31-1q32). The IL-10 promoter is 
highly polymorphic containing, two microsatellites and three single nucleotide 
polymorphisms (SNPs) (Azarpira et al., 2010). 
 
2.3.3.  IL-10 Gene Polymorphisms 
Promoter region polymorphisms appear to be correlated with variations in 
transcription. Three of several polymorphic sites within the promoter region of IL-10 
have been described in some detail. These are -1082 A to G substitution (rs1800896) 
where A is the ancestral allele , -592 C to A substitution (rs1800872) where C is the 
wild-type allele, and -819 C to T substitution (rs1800871) where C is the common 
allele according to the National Center for Biotechnology Information (NCBI) SNP 
database (D’Alfonso et al., 2000; Mormann et al., 2004). The -1082 A/G and -592 
C/A polymorphisms lie within a putative negative regulatory region that is a binding 
site of Ets transcription factors and STAT-3, respectively (Guzowski et al., 2005). On 
the other hand, the -819 C/T polymorphism presents a dimorphic polymorphism and 
lies within a putative positive regulatory region (Turner et al., 1997). These 
polymorphisms exhibit strong linkage disequilibrium and appear in three major 
haplotypes (GCC, ACC and ATA). The GCC haplotype has been associated with 
exuberant production of IL-10, while the ATA haplotypes are associated with low 
levels of IL-10 production in cultured peripheral blood mononuclear cells (Lyon et al., 
2004; Hyun et al., 2013). 
As these SNPs are in the proximity of putative transcription factor binding 
sites and regulatory regions, they are believed to affect innate IL-10 production at the 
transcriptional level. Numerous studies have suggested an association between IL-10 
promoter haplotypes and disease susceptibility or severity. A particularly well-studied 
example comes from patients suffering from systemic lupus erythematosus (SLE). 
Thus, this cytokine plays an important role in the regulation of both cellular and 
humoral immune responses, explaining the two main features of the immune 
deregulation of SLE (high autoantibody production and decreased cellular immune 
responses). Several studies have shown that SLE patients spontaneously produce high 






2.3.4. IL-10 Receptor and Signaling 
IL-10 receptor (IL-10R) is composed of two different chains, IL-10R1 and IL-
10R2. IL-10R1 is mainly necessary for the binding of the IL-10 protein while IL-
10R2 is specific to initiate a signaling cascade. The most well characterized signaling 
pathway for IL-10 binding is that of the JAK ⁄ STAT pathway (Moore et al., 2001; 
Kalkunte et al., 2013). Binding of IL-10 to its receptor complex consists of two steps 











Figure 2.5  IL-10–IL-10R interaction. The cellular IL-10R is a complex composed of 
the CRF2 members IL-10R1 and IL-10R2. IL-10 first binds IL-10R1. This interaction 
apparently leads to a conformation change of the cytokine creating a binding site for 
IL-10R2. The close proximity of both receptor components leads to the reciprocal 
activation of the receptor-associated Janus kinases Jak1 (associated with IL-10R1) 
and Tyk2 (associated with IL-10R1). Following the tyrosine phosphorylation of the 
cytoplasmatic part of IL- 10R1, STAT3 molecules are bound and phosphorylated by 
the Janus kinases. Additionally, STAT1 and, in certain cell types, STAT5 molecules 
are activated. STAT homo- or heterodimers immigrate into the nucleus where they 
bind to the STAT binding elements of various promoters in order to induce 
transcription of the corresponding genes (Sabat et al., 2010). 
2.3.5. IL-10 Expression in Pregnancy 
Abundant expression of IL-10 can be found in various cells at the maternal-
fetal interface. Placental and decidual tissues express IL-10 in a gestational age-





were significantly higher than levels found in third trimester tissues, suggesting that 
IL-10 is intrinsically down-regulated at term to prepare for the onset of labor 
programmed by production of an inflammatory milieu. IL-10 is also expressed by a 
variety of hematopoetic cells found at the maternal-fetal interface, including 
macrophages, NK cells and T cells (Mor, 2006; Thaxton and Sharma, 2010). 
2.3.6. Functions of  IL-10 at the Maternal Fetal Interface 
Pregnancy can be separated into three distinct immunological stages: 
implantation → inflammation, active gestation → anti-inflammation, and parturition 
→ inflammation. Maintenance of this temporal immune programming of pregnancy is 
critical to successful outcome. The kinetics of IL-10 expression in human placental 
tissue indicate higher levels during first and second trimesters compared to third 
trimester of pregnancy, suggesting an immunosuppressive role of IL-10 over the 
course of human gestation (Hanna et al., 2000) 
IL-10 is a key contributor to the balance of pro-inflammatory versus anti-
inflammatory signals that orchestrate proper pregnancy outcomes. Figure 2.6 presents 
a contemporary view of temporal potential of IL-10 at different stages of pregnancy 












Figure 2.6  Inflammatory versus anti-inflammatory limbs of gestation. Starting from 
implantation through term gestation, the interplay of inflammatory and anti-
inflammatory signaling events is central to normal pregnancy outcomes. Here, the 
suppressive nature of IL-10 over the course of human gestation in contrast to the 






NK cells operate through the missing self-hypothesis where lack of major 
histocompatability complex (MHC) antigen presentation on a target cell leads to 
activation of the NK cells and resultant cytotoxicity (Borrego, 2006). In an organ that 
was once considered immune-privileged, it is difficult to rationalize the presence of 
NK cells. However, it has been postulated that the expression of non-classical MHC 
type I molecule HLA-G on trophoblasts, particularly those with extravillous 
differentiation, plays a regulatory role in controlling NK cell cytotoxic activation 
(Poehlmann et al., 2006; Thaxton and Sharma, 2010). 
During pregnancy, interestingly IL-10 is produced locally in the fetoplacental 
unit by cytotrophoblast, and it up-regulates the human leukocyte antigen (HLA-G) 
expression of cytotrophoblasts at the feto-maternal barrier. It has been suggested that 
this protects the fetus from rejection by NK-cell mediated cytotoxicity (Moreau et al., 
1999). 
 
2.3.7. IL-10 deficiency and adverse pregnancy outcomes 
There have been several studies that couple IL-10 deficiency to adverse 
pregnancy outcomes such as recurrent spontaneous abortion (RSA), preterm birth, and 
pre-eclampsia. The mechanisms that may lead to poor IL-10 production at the 
maternal–fetal interface are not well understood. However, polymorphisms in the IL-
10 gene promoter have been associated with dysregulated IL-10 production and 
several diseases. Recent studies have identified five SNPs at 3575, 2849, 1082, 819, 
and 592 positions in the human IL-10 gene promoter (Makris et al., 2006; Zammiti, et 
al., 2006; Kamali-Sarvestani, et al., 2006). Similarly, the molecular effects of these 
SNPs in the IL-10 gene promoter remain to be elucidated in the context of pregnancy 
complications (Kalkunte et al., 2000). 
2.3.8. IL-10 and Recurrent Spontaneous Abortion 
Spontaneous abortion is one of the most common complications of pregnancy, 
affecting 15% of pregnant women. Despite several well established etiologic factors 
of RSA, the cause of RSA cannot be determined in almost 50% of cases. It was 
suggested that these unexplained RSA might be due to immunologic factors 
(Choudhury and Knapp, 2001). 
Previous studies demonstrated that certain cytokine gene polymorphisms 





polymorphisms with susceptibility to diseases and/or different clinical 
features/outcomes of diseases (Bidwell et al., 2001; Haukim et al, 2002). Some 
evidence exists that certain of these polymorphisms are associated with differential 
expression of IL-10 in vitro, and a number of studies have investigated associations 
between IL-10 polymorphisms and various diseases (Sabat et al., 2010). 
2.3.9. Previous Studies 
Different studies have shown that cytokines play a major role in reproductive 
events. For instance, IFN- γ and TNF-α inhibit trophoblast growth and differentiation, 
whereas IL-4, IL-10 and IL-13 may promote embryo development and placentation 
(Van Nieuwenhoven et al., 2003). On the basis of these observations, significantly 
higher concentrations of Th2 cytokines were produced by the first trimester normal 
group than by the RSA group, while significantly higher concentrations of Th1 
cytokines were produced by the abortion group as compared to first trimester normal 
pregnancy, indicating a distinct Th2-bias in normal pregnancy and a Th1-bias in 
unexplained RSA. A Th2-type dominant response has been associated with normal 
pregnancy, whereas a Th1-type response has been related to pregnancy failure 
(Raghupathy et al., 2000). 
 
Previous studies demonstrated that successful pregnancy is dependent on 
shifting of maternal immune response from (proinflammatory) Th1 towards (anti-
inflammatory) Th2 phenotypes (Makhseed et al., 2001). This was evidenced by the 
findings that higher levels of IL-6 and IL-10 were detected in healthy parous women 
compared with women with idiopathic RSA (Daher et al., 2003). Decreased 
production of IL-10 by decidual T cells in women with RSA has been reported 
(Piccinni et al., 2001). 
 
IL-10 production is under genetic control, it has been shown that adenine (A) 
at the site -1082 in the promoter region of the IL-10 is associated with low and 
guanine (G) with high production of IL-10 (Turner et al., 1997). Since factors 
contributing to IL-10 production appear to be important in RSA so IL-10 (-1082A/G) 
polymorphism detection was done with allele refractory mutation system (ARMS-
PCR) among 38 Finnish women with RSA and 131 ethnically matched healthy 





found between controls and RSA women. The study suggested that IL-10 (-1082A/G) 
polymorphism is not a major genetic regulator in RSA (Karhukorpi et al., 2001). 
 
Considering the potential role of cytokines in unexplained RSA, genotyping to 
investigate the relationship between RSA and polymorphisms of the genes coding for 
TNF-α (−308 G→A), IL-10 (−1082 A→G), IL-6 (−174 G→C), and IFN-γ (+874 
A→T) was performed by the polymerase chain reaction sequence-specific primer 
method in 48 Brazilian Caucasian women with RSA and 108 ethnically matched 
healthy individuals, this work has demonstrated an association between IFN-γ, IL-10, 
and possibly TNF-α gene polymorphisms and RSA. These findings further support the 
concept of involvement of these cytokines in the pathogenesis of RSA (Daher et al., 
2003). 
In addition, a meta-analysis was performed using previous studies concerning 
the evaluation of IL-10, IFN-γ and TNF-α polymorphisms in RSA women (Babbage 
et al., 2001; Baxter et al., 2001; Karhukorpi et al., 2001; Reid et al., 2001). The meta- 
analysis showed that the G/G IL-10 genotype is significantly associated with RSA, 
suggesting that this group of women may secrete high levels of IL-10 (Daher et al., 
2003). 
The genetic polymorphism of Th1 cytokine [i.e. interferon (IFN)-γ and tumor 
necrosis factor (TNF)-α] and Th2 cytokines [i.e. interleukin (IL)-6, IL-10] and the 
transforming growth factor (TGF)-β were studied by polymerase chain reaction-
sequence specific primers (PCR-SSP) in 41 women with RSA and 54 control women 
who had at least two children and without known pregnancy losses. The results 
showed: (i) no evidence of association between patients and controls concerning the 
Th1: TNF-α; the Th2: IL-6 and IL-10 and the TGF-β genotype, (ii) significant 
association between RSA versus controls concerning IFN-γ +874 A → T: T/A 
genotype was increased in the patient group in comparison with the control group 
(65% versus 35.8%) (P = 0.01) and there was a statistically significant difference in 
the frequency of the A/A (L) genotype between the patient groups in comparison with 








A study to investigate the bi-allelic polymorphisms in TNF-α −308 G→A, 
TNF-β +252 G→A, IFN-γ +874 A→T genes as Th1 or pro-inflammatory factors as 
well as IL-4 −590 C→T, IL-10 −592 C→A, −819 C→T, −1082 A→G genes as Th2 
cytokines in Iranian women with RSA compared with healthy women using the allele-
specific oligonucleotide polymerase chain reaction (ASO-PCR) or PCR-RFLP 
(restriction fragment length polymorphism) methods for genotyping. Results indicated 
a significant association between the presence of CC genotype of IL-10 −592 C→A 
polymorphism and the occurrence of RSA in Iranian women (63% in women with 
RSA and 46% in controls; OR=0.51, 95% CI: 0.3–0.85; p<0.01). There was no 
significant association with other SNPs. Therefore, due to the presence of higher −592 
CC genotype frequencies in Iranian women with RSA, the findings suggest that these 
patients present a genetic predisposition to secrete lower levels of IL-10. It may be 
concluded that IL-10 polymorphism at position −592 could be a genetic risk factor for 
RSA (Kamali-Sarvestani et al., 2005). 
 
In Bahrain, -592C/A, -819C/T and -1082A/G IL-10 promoter polymorphisms 
were determined using PCR allele-specific amplification (AS-PCR) among women (n 
= 350) with at least three consecutive spontaneous abortions (RSA cases) and 200 
control women with at least two successful pregnancies. Study results demonstrated 
the role of -592C/A and -819C/T but not the -1082A/G, IL-10 promoter 
polymorphisms in idiopathic RSA (Zammiti et al., 2006). The lack of association of -
1082 A/G SNP with RSA was reminiscent of previous findings, which did not find 
any association between this SNP and RSA (Karhukorpi et al., 2001; Daher et al., 
2003; Kamali-Sarvestani et al., 2005). 
 
A meta-analysis of association studies was performed on six studies on -1082 
polymorphism in the IL-10 gene (Babbage et al., 2001; Karhukorpi et al., 2001; Daher 
et al., 2003; Prigoshin et al., 2004; Kamali-Sarvestani et al., 2005; Zammiti et al., 
2006) to assess whether the reported genetic polymorphisms in cytokine genes are 
risk factors for recurrent miscarriage (RM). In six studies on −1082/interleukin-10 
(IL-10) polymorphism, the OR under a dominant model was 0.76 (0.58−0.99), and 
under a recessive model the OR was 0.90 (0.71−1.15). The results of the meta-





significant association, the mutant type allele being associated with RM, when the 
polymorphism was considered under a dominant genetic model (Medica et al., 2009). 
 
A study on 65 Saudi females with unexplained RSA to investigate the 
relationships between RSA and IL-10 (-592 C/A) in the promoter region of IL-10 
genes by polymerase chain reaction (PCR) using sequence specific primers, showed 
that the frequencies of the genotypes and alleles do not show any significant 
difference between the unexplained RSA patients and controls, and hence cannot be 
considered as a clinically important polymorphism linked to unexplained RSA 
(Alkhuriji et al., 2013). In this regard, the results agree with several studies which 
showed that multiple combinations of genetic polymorphism of IL-10 were not 
associated with RSA (Babbage et al., 2001; Prigoshin et al., 2004; Kamali-Sarvestani 
et al., 2005) but disagree with the findings of (Zammiti et al., 2006) who 
demonstrated an association between IL-10 -592C/A and -819C/T promoter 
polymorphisms among RSA patients (Alkhuriji et al., 2013). 
 
In India, a retrospective case-control study on 200 northern Indian RM cases 
versus control subjects showed no association among Th2 [interleukin (IL) 10 (592 
C/A) and transforming growth factor gene polymorphisms, while significant 
association was observed between Th2 [IL-4 (C590T), IL-6 (G174C), IL-10 (1082A/G 
and 819C/T)], and Th1 [interferon γ (+874A/T)] with RM compared with control 
subjects. However, when classification and regression tree analysis was applied, this 
effect disappeared and demonstrated that IL-10 plays an important role in 
maintenance of pregnancy (Parveen et al., 2013). 
 
A study among 296 Bahraini women with idiopathic RSA showed no 
association of the various IL-10 promoter variants rs1800872, rs1800871 and 
1800896 with RSA but this is the first study to confirm the association between IL-10 
rs1518111 intronic variant and RSA. Serum IL-10 levels were significantly reduced in 
RSA cases compared with control women (P 0.002), and this correlated with 
rs1518111 and rs1800871 genotypes in both groups, and with the rs1800872 genotype 














































The present work was carried out in the Genetics lab at the Islamic University of 
Gaza. The major equipments used in the study are listed in Table 3.1. 
Table 3.1  The equipments used in this study 
# Item Manufacturer 
1 Thermal Cycler 
BioRad, USA 
Biometra 
2 Horizontal electrophoresis chambers/tanks BioRad, Germany 
3 Electrophoresis power supply BioRad, Germany 
4 Digital balance AE adam, USA 
5 Vortex mixer BioRad, Germany 
6 UV transilluminator Gel documentation system Vision, Scie-Plas Ltd, UK 
7 Safety cabinet Heraeus, Germany 
8 Microcentrifuge BioRad, Germany 


















3.1.2. Chemicals, Kits and Disposables 
Chemicals, kits and disposables used in this study are listed in Table 3.2. 
Table 3.2  Chemicals, kits and disposables used in this study 
# Item Manufacturer 
1 Wizard ® Genomic DNA Purification Kit Promega (Madison, USA) 
2 PCR Go Taq® Green Master Mix   Promega (Madison, USA) 
3 Agarose Promega (Madison, USA) 
4 PCR primers Promega (Madison, USA) 
5 Nuclease free water Promega (Madison, USA) 
6 Ethidium Bromide (EtBr) 10mg/ml Promega (Madison, USA) 
7 DNA molecular size marker (Ladder). BioLab, New England 
8 Ethanol 70% (Sigma USA) 






























3.1.3. PCR primers 
Cytokine gene polymorphisms were determined by PCR allele-specific amplification 
(PCR-ASA). All PCR primers are indicated from 5' to 3' end. The primer sequences 
were obtained from published studies and are provided in Table 3.3. 
Positive controls were selected by amplifying two regions of IL10 promoter; the first 
containing -592 and -819 SNPs (Control 1) while the second contained -1082 SNP 
(Control 2). 
 
Table 3.3  Nucleotide sequence of the PCR primers and their characteristics. 
 













2010). Forward C CTGGCTTCCTACAGG 49 








Forward C CCCTTGTACAGGTGATGTAAC 59 
















Forward A AACACTACTAAGGCTTCTTTGGGT A 63 
Forward G AACACTACTAAGGCTTCTTTGGGTG 64 
Control 
1 






Reverse TTCCATTTTACTTTCCAGAG 52 
Control 
2 














All polymorphisms were tested in the Genetics lab of the Islamic University. 
 
3.1.5. Study design 
The present study is a case control study, in which women with RSA were compared 
to women without any evidence of RSA. 
 
3.1.6. Study location 
Gaza strip 
 
3.1.7. Study population 
The target populations of this study are Palestinian women from Gaza strip: 
 
 The case group of the study consisted of 200 women who had at least two or 
three RSA ≤20 weeks of gestation, between 20-35 years old women, and their 
husbands are not their family relatives. All 200 patients were from the 
Genetics lab of the Islamic university of Gaza. 
 
 The control group consisted of age and all other possible characteristics-
matched subjects. 200 women who had at least two live births without 
previous history of abortion. The control group was collected from hospitals in 
Gaza strip (El-Shifa hospital, El-Harazeen hospital) and from clinics during 
the period of September 2013 to November 2013. 
 
3.1.8. Permission and ethics 
The objective of the study was fully explained to all participants and written consent 
was obtained (Appendix 1).  








3.2.  Methods 
 
3.2.1. Sample collection 
About 2.0 ml of venous blood were drawn into sterile EDTA tubes and mixed gently, 
under quality control and safety procedure. EDTA-blood was used for genomic DNA 
extraction. Extracted DNA was stored at -20ºC till analysis. 
 
3.2.2. Total DNA extraction 
Genomic DNA was isolated from whole blood using Wizard Genomic DNA 
Purification Kit Protocol (Promega, USA). 
 
3.2.2.1. Detection of extracted DNA 
The quality of the isolated DNA was determined by running 5 μl of each sample on 
1.0% agarose gel contained ethidium bromide then the DNA sample was visualized 




3.2.3.1. PCR primers reconstitution 
Primers were received in a lyophilized (i.e. dried) state. Primer containers were first 
centrifuged at 13,000 rpm for 3 minutes, and then reconstituted with ultrapure water 
(nuclease free water) to create a stock solution of each primer with final concentration 
100pmol/µl. The stock primer solution was then mixed using vortex.  10 µl aliquot 
was taken from stock primer and diluted with 90 µl nuclease free water to make 
10pmol/µl working solution.  
 
3.2.3.2. Determination of IL-10  -592C/A polymorphism 
Polymorphism -592C/A of IL-10 was genotyped using PCR allele-specific 
amplification (PCR-ASA), as described by (Zammiti et.al, 2006; Ben-Hadj-Khalifa 
et.al, 2010).  
ASA-PCR is one of the simplest and least expensive methods of detecting DNA point 





gene and simultaneously identify a change in the DNA sequence. One of the reverse 
primers is complementary to the wild type allele and a second to the mutated allele. 
The forward primer is the same for both alleles. The difference between the reverse 
primers is at the 3’ end, in which the critical single nucleotide polymorphism (SNP) 
or mutation is located. Due to the unique conditions of the reaction, amplification of 
the wild type and mutated alleles is only possible between their specific reverse and 
common forward primers. In order to reach such a high affinity of both reverse 
primers, the reaction conditions must be precisely determined and restrictively 
adhered to (Łaczmańska et.al, 2009).  
A Positive control (Control 1) that contained the -592 SNP was also amplified.  
Primers sequences and the expected size of PCR product are listed in Table 3.3. 
 
3.2.3.2.1. PCR-ASA for IL-10 -592C/A polymorphism 
The reaction was done in two tubes one for each allele, the final volume for each PCR 
reaction was 20 μl, the reaction components were as described in Table 3.4. 
 
Table 3.4  PCR components for amplification of the IL-10 -592C/A polymorphism  
 
Reagent Volume (μl) Final concentration 
Common Reverse 2 10 pmol 
Forward C & Forward A 2 10 pmol 
Control 1 2 10 pmol 
Nuclease free water 2 - 
PCR Go Taq® Green Master Mix   10 1X 
DNA sample  2 100ng 
 
Microfuge tubes were then placed in a thermal cycler and PCR amplification was 









Table 3.5 Thermal cycler program for PCR amplification of the IL-10 -592C/A 
polymorphism. 
 
No. of cycles Temperature (ºC) Time 
1 95 5 min. 
30 
95 30 sec. 
55 50 sec. 
72 1 min. 





The PCR products were visualized under ultraviolet light with a 50 bp ladder after 
agarose gel electrophoresis (2%) staining with ethidium bromide. 
 
3.2.3.3. Determination of IL-10  -819C/T  polymorphism 
IL-10 (-819 C/T) SNP was analyzed by sequence-specific primers polymerase chain 
reaction (SSP-PCR), as described by (Talaat et.al, 2014).  Primers sequences and the 
expected size of PCR product are listed in Table 3.3. 
 
3.2.3.3.1. PCR-ASA for IL-10  -819C/T  polymorphism 
The reaction was done in two tubes one for each allele, the final volume for each PCR 
reaction was 20 μl, the reaction components were as described in Table 3.6. 
 
Table 3.6  PCR components for amplification of the IL-10 -819C/T polymorphism  
 
Reagent Volume (μl) Final concentration 
Common Reverse 2 10 pmol 
Forward C & Forward T 2 10 pmol 
Nuclease free water 4 - 
PCR Go Taq® Green Master Mix   10 1X 








PCR cycling conditions were as described in Table 3.7.  
 
Table 3.7 Thermal cycler program for PCR amplification of the IL-10 -819C/T 
polymorphism. 
 
No. of cycles Temperature (ºC) Time 
1 94 2 min 
5 
96 25 sec 
69 45 sec 
72 20 sec 
11 
96 25 sec 
65 50 sec 
72 45 sec 
15 
96 25 sec 
57 60 sec 
72 2 min 





The PCR products were visualized under ultraviolet light with a 50 bp ladder after 
agarose gel electrophoresis (2%) stained with ethidium bromide. 
 
3.2.3.4. Determination of IL-10  -1082 A/G  polymorphism 
Polymorphism -1082G/A of IL-10 was genotyped using PCR allele-specific 
amplification (PCR-ASA), as described by (Karhukorpi et al., 2001; Sowmya et.al, 
2013). A Positive control (Control 2) was also amplified that containing the -1082 













3.2.3.4.1. PCR-ASA for IL-10  -1082A/G polymorphism 
The reaction was done in two tubes one for each allele, the final volume for each PCR 
reaction was 20 μl, the reaction components were as described in Table 3.8. 
 
Table 3.8 PCR components for amplification of the IL-10 -1082A/G polymorphism  
 
Reagent Volume (μl) Final concentration 
Common Reverse 2 10 pmol 
Forward A & Forward G 2 10 pmol 
Control 2 2 10 pmol 
Nuclease free water 2 - 
PCR Go Taq® Green Master Mix   10 1X 
DNA sample  2 100ng 
 
Table 3.9 Thermal cycler program for PCR amplification of the IL-10 1082A/G 
polymorphism. 
 
No. of cycles Temperature (ºC) Time 
1 95 5 min. 
30 
95 30 sec. 
61 50 sec. 
72 1 min. 





The PCR products were visualized under ultraviolet light with a 50 bp ladder after 











3.2.3.5. Agarose gel electrophoresis (2.0%) 
  
1. Dried agarose gel (1.2 gm) was dissolved in 60 ml 1x Tirs-Acetate-EDTA 
buffer (2M Tris base 1M Glacial Acetic Acid, 0.05 M EDTA) by heating.  
 
2. Then 2.5μl Ethidium Bromide was added and mixed, the gel was casted into a 
mold which was fitted with a well forming comb.  
 
3. The agarose gel was submerged in electrophoresis buffer within a horizontal 
electrophoresis apparatus.  
 
4. After amplification, the PCR products and a DNA ladder size marker (Promega, 
Madison, WI, USA) were loaded into the sample wells to aid in fragment size 
determination.  
 
5. PCR fragments were detected by size in the agarose gel. 
 
6. Electrophoresis was performed by using Electrophoresis power supply (BioRad, 
USA) at 70 volts for 40 min at room temperature, and the DNA bands were 
visualized and documented using a UV trans-illuminator documentation system. 
 
3.3. Statistical analysis 
The Hardy-Weinberg equilibrium (HWE) equation was used to calculate the expected 
genotype frequency. Difference between expected and observed genotypes was 
assessed by X2 test. P-value less than 0.05 was considered statistically significant. 
The frequencies of the alleles and genotypes were compared between patient and 
control groups by the Chi square test when appropriate. The odds ratio (OR) and 95% 
confidence interval (CI) were also estimated in order to test the relation between RSA 















































4. AS-PCR Genotyping Results 
 
The following figures are representative examples of the IL-10 "1082A/G, 592C/A 
and 819C/T"  gene polymorphisms investigated in this study. 
Figures (4.1), (4.2) and (4.3) show representative PCR results for the genotyping of 


















Figure 4.1: A photograph of ethidium bromide stained 2% agarose gel showing the 
AS-PCR product for  IL-10 -1082A/G polymorphism (161bp). Lane M: 50bp DNA 
ladder, lane 1,2 indicates a homozygous sample for AA, lane 3,4 indicates a 
heterozygous AG, lane 5,6 indicates a homozygous GG and lane 7,8 indicate negative 








































Figure 4.2: A photograph of ethidium bromide stained 2% agarose gel showing the 
AS-PCR product for  IL-10  592C/A polymorphism (223 bp), Lane M: 50bp DNA 
ladder. lane 1,2 indicates a homozygous sample for CC, lane 3,4 indicates a 
heterozygous CA, lane 5,6 indicates a homozygous AA and lane 7,8 indicate negative 





















Figure 4.3: A photograph of ethidium bromide stained 2% agarose gel showing the 
AS-PCR product for  IL-10  819C/T polymorphism (233 bp). Lane M: 50bp DNA 
ladder. lane 1,2 indicates a homozygous sample for CC, lane 3,4 indicates a 
heterozygous CT, lane 5,6 indicates a homozygous TT and lane 7,8 indicate negative 
control.  
 















4.1. IL-10 Gene promoter (-592 C/A) Polymorphism: 
 
4.1.1. Genotype frequency of the IL-10 promoter variant "-592 C/A " among 
RSA patients and controls 
 
 
Table 4.1 and Figure 4.4 illustrate the genotype frequencies of the "-592 C/A" 
polymorphism among RSA patients. The frequency of the wild type CC is 37.0%, the 
frequency of the heterozygote CA is 56.5% while, the frequency of the homozygotes 
for the polymorphic allele AA is 6.5%. 
 
Table 4.1: Frequency of genotypes of the IL-10 promoter variant "-592 C/A" 
polymorphism among RSA patients 
 
 Frequency Percent % 
CC 74 37.0 
CA 113 56.5 
AA 13 6.5 








Figure 4.4: Frequency of genotypes of  the IL-10 promoter variant "-592 C/A" 























Table 4.2 and Figure 4.5  illustrate the genotype frequencies of the "-592 C/A" SNP 
among control women. The frequency of the wild type CC is 46.0%, the frequency of 
the heterozygote CA is 47.5% while, the frequency of the homozygotes for the 
polymorphic allele AA is 6.5%. 
    
Table 4.2: Frequency of genotypes of variant "-592 C/A" among control women: 
 
Genotype Frequency Percent % 
CC 92 46.0 
CA 95 47.5 
AA 13 6.5 






































Table 4.3 illustrates genotypes frequencies, odds ratios (ORs), 95% confidence 
intervals (CI) and P values for the IL-10 -592 C/A polymorphism among RSA 
patients and controls. Statistical analysis for this particular polymorphism among 
RSA patients and controls showed that the frequency difference for the three 
genotypes (CC, CA, and AA) is not significant. 
 
Table 4.3: Genotype frequency of IL-10 promoter variant "-592 C/A" among 








Odds Ratio (95% CI) P-value 
CC 74 (37.0%) 92 (46.0%) 0.69  (0.46  to 1.03) 0.07 
CA 113(56.5%) 95 (47.5%) 1.44  (0.97  to 2.13) 0.07 
AA 13 (6.5%) 13 (6.5%) 1.00  (0.45  to 2.21) 1.00 
 
 
4.1.2.  Alleles frequency of the IL-10 "-592 C/A" polymorphism among RSA 
patients and controls: 
Table 4.4: illustrates alleles frequency, odds ratio, 95% confidence intervals and P 
values for the IL-10 "- 592 C/A" polymorphism among RSA patients and controls. 
The statistical analysis of allele frequency for this SNP among RSA patients and 
controls showed that the difference is not significant (P-value = 0.1745 ) between the 
two groups. 
 









Odds Ratio (95% CI) P- value 
C 261 (65.25%) 279 (69.75%) 
0.81 (0.61 to 1.10) 0.17 







4.1.3. Hardy-Weinberg equilibrium in IL-10 "-592 C/A" polymorphism 
 
Frequency of major allele C (p) = 92x2 + 95x1/200x2 = 0.7 
Frequency of minor allele A (q) = 13x2 + 95x1/200x2 =  0.3 
 
Expected genotype frequencies: 
Genotype CC: p
2
 x200 = (0.7)
2
 X 200 = 98 individuals.   
Genotype CA: 2pq x200 = 2X0.7X 0.3X 200 = 84  individuals. 
Genotype AA: q
2
 x200 = (0.3)
2
X 200 = 18  individuals. 
 
Table 4.5: illustrates the observed and expected genotype frequencies of IL-10 "-592 
C/A" polymorphism in control women with P-value =0.076. This shows that there is 
no significant deviation from Hardy-Weinberg equilibrium, so the distribution of IL-
10 "-592 C/A" genotypes is in Hardy-Weinberg equilibrium. 
 
Table 4.5: Observed and expected genotype frequencies of IL-10 -592 C/A gene 
polymorphism 
 
 CC CA AA 
Observed genotype 92 95 13 
Expected genotype 98 84 18 
P- value =  0.076                        Chi square: X
2


















4.1.4. Distribution of IL-10 "-592 C/A" SNP in the study population under 
recessive model: 
Table 4.6: illustrates the frequencies, odds ratio and P-value of the "-592 C/A" 
polymorphism among RSA and control subjects. The frequency of the wild type C 
allele carrier represented by (CC +CA) genotypes was 93.5% in controls and patients. 
Similarly, the frequency of polymorphic AA genotype was 6.5% in controls and 
patients. Therefore, no significant difference (P-value = 1.00) exists between the two 
groups. 
  
Table 4.6: The frequencies, odds ratio and P-value of the 592 C/A gene 
polymorphism among RSA and control subjects under recessive model 
 
Genotype Patient (200) Control (200) Odds Ratio (95% CI) P-value 
CC + CA 187 (93.5%) 187 (93.5%) 
1.00  (0.45  to 2.21) 1.00 
AA 13 (6.5%) 13 (6.5%) 
 
4.1.5. Distribution of the IL-10 "-592 C/A" gene polymorphism in the study 
population under dominant model: 
Table 4.7: illustrates the frequencies, odds ratio and P-value of the "-592 C/A" 
promoter variant gene polymorphism among RSA and control subjects. The 
frequency of the wild type (CC) genotype was 37.0% in RSA patients and 46.0% in 
controls, while the frequency of polymorphic A allele carrier represented by 
(GA+AA) genotypes was 63.0% in RSA patients and 54.0% in controls. The 
statistical analysis showed that there is no significant difference between the two 
groups (P-value =  0.07). 
 
Table 4.7: The frequencies, odds ratio and P-value of the "-592 C/A" SNP among 
RSA and control subjects under dominant model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
CC 74 (37.0%) 92 (46.0%) 
0.69  (0.46  to 1.03) 0.07 






4.1.6. Distribution of IL-10 "-592 C/A" polymorphism in the study population 
under additive model: 
Table 4.8  illustrates the frequencies, odds ratio and P-value of the IL-10 "-592 C/A"  
SNP among RSA and control subjects. The frequency of the wild type (CC) genotype 
was 37.0% in RSA patients and 46.0% in controls, while the frequency of mutant type 
(AA) genotype was 6.5% in RSA patients and 6.5% in controls. The statistical 
analysis showed that there is no significant difference between the two groups (P-
value =  0.61).  
 
Table 4.8: The frequencies, odds ratio and P-value of the IL-10 "-592 C/A" 
polymorphism among RSA and control subjects under additive model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
mt/mt (AA) 13  (6.5%) 13  (6.5%) 
1.24 (0.54 to 2.84) 0.61 
wt/wt (CC) 74  (37.0%) 92  (46.0%) 
 
 
4.1.7. Distribution of IL-10 "-592 C/A" polymorphism in the study population 
under Co-dominant model: 
Table 4.9  illustrates the frequencies, odds ratio and P-value of the IL-10 "-592 C/A"   
SNP among RSA and control subjects. The frequency of the heterozygous type (CA) 
genotype was 56.5% in RSA patients and 47.5% in controls, while the frequency of 
homozygous types represented by (AA + CC) genotype was 43.5% in RSA patients 
and 52.5% in controls. The statistical analysis showed that there is no significant 
difference between the two groups (P-value = 0.0720).   
 
Table 4.9: The frequencies, odds ratio and P-value of the IL-10 "-592 C/A" 
polymorphism among RSA and control subjects under Co-dominant model 
 




mt/wt (CA) 113 (56.5%) 95 (47.5%) 
1.44  (0.97  to 2.13) 0.07 
mt/mt+wt/wt 
(AA + CC) 







4.2.  IL-10  Gene "-1082  A/G"  Promoter Polymorphism: 
 
4.2.1. Genotype frequency of the IL-10 "-1082  A/G" promoter variant among 
RSA patients and controls 
 
Table 4.10 and Figure 4.6  illustrate the genotype frequencies of the IL-10 "-1082 
A/G" polymorphism among RSA patients. The frequency of the wild type AA was 
23.0%, the frequency of the heterozygote AG was 75.0% while, the frequency of the 
homozygotes for the polymorphic allele GG was 2.0% in RSA patients. 
 
 
Table 4.10: Frequency of "-1082 A/G" polymorphism genotypes among RSA 
patients 
 
Genotype Frequency Percent % 
AA 46 23.0 
AG 150 75.0 
GG 4 2.0 






Figure 4.6: Frequency of genotypes of IL-10  promoter polymorphism "-1082 




























Table 4.11 and Figure 4.7  illustrate the genotype frequencies of the IL-10 "-1082 
A/G" SNP among control women. The frequency of the wild type AA was 32.0%, the 
frequency of the heterozygote AG was 60.0% while, the frequency of the 
homozygotes for the polymorphic allele GG was 8.0% in control women. 
 




Genotype Frequency Percent % 
AA 64 32.0 
AG 120 60.0 
GG 16 8.0 




































Table 4.12  illustrates genotypes frequency, odd ratio (OR), 95% confidence intervals 
(CI) and P values of the IL-10 "-1082 A/G" polymorphism among RSA patients and 
controls. The statistical analysis of the genotypes (AA, AG, and GG) frequencies 
showed that the difference is significant between the two groups. 
 
Table 4.12: Genotype frequency of  IL-10  "-1082 A/G" polymorphism among 









Odds Ratio (95% 
CI) 
P-value 
AA 46 (23.0%) 64 (32.0%) 0.63 (0.41 to 0.99) 0.04 
AG 150 (75.0%) 120 (60.0%) 2.00 (1.30  to 3.07) 0.001 
GG 4 (2.0%) 16 (8.0%) 0.23 (0.08  to 0.72) 0.01 
 
4.2.2. Alleles frequency of the "-1082 A/G" SNP among RAS patients and 
controls: 
 
Table 4.13  illustrates alleles frequency, odds ratio, 95% confidence intervals and P 
value of the IL-10 "-1082 A/G" polymorphism among RSA patients and controls. The 
statistical analysis of allele frequency of this polymorphism among RSA patients and 
controls showed that the difference is not  significant ( P-value = 0.66) between the 
two groups. 
Table 4.13: Alleles frequency of the IL-10 1082 A/G gene polymorphism among 








Odds Ratio (95% CI) P- value 
A 242 (60.5%) 248 (62.0%) 
0.94 (0.71 to 1.25)  0.66 











4.2.3. Hardy-Weinberg equilibrium in IL-10 1082 A/G gene polymorphism: 
Frequency of major allele A (p) = 64x2 + 120x1/200x2 = 0.62  
Frequency of minor allele G (q) = 16x2 + 120x1/200x2 =  0.38 
 
Expected genotype frequencies: 
Genotype AA: p
2
 x200 = (0.62)
2
 X 200 = 77  individuals.   
Genotype AG: 2pq x200 = 2X0.62X 0.38X 200 = 94 individuals. 
Genotype GG: q
2
 x200 = (0.38)
2
X 200 = 29  individuals. 
 
Table 4.14  illustrates the observed and expected genotype frequencies for  IL-10 "-
1082 A/G" gene polymorphism in control women with P-value = 0.00011. This shows 
that there is a significant deviation from Hardy-Weinberg equilibrium, so the 
distribution of  IL-10 "-1082 A/G" genotypes is not consistent with Hardy-Weinberg 
equilibrium. 
 
Table 4.14: Observed and expected genotype frequencies of the IL-10 "-1082 
A/G" polymorphism 
 
 AA AG GG 
Observed genotype 64 120 16 
Expected genotype 77 94 29 
P- value =   0.00011          Chi square: X
2























4.2.4. Distribution of IL-10 "-1082 A/G" gene polymorphism in the study 
population under recessive model: 
Table 4.15  illustrates the frequencies, odd ratio and P-value of the IL-10 1082 A/G 
gene polymorphism among RSA and control subjects. The frequency of the wild type 
A allele carrier represented by (AA +AG) genotypes was 98.0% in RSA patient and 
92.0% in controls, while the frequency of polymorphic GG genotype was 2.0% in 
RSA patients and 8.0% in controls. The statistical analysis showed that there is a 
significant difference between the two groups (P-value = 0.01). 
Table 4.15: The frequencies, odds ratio and P-value of the IL-10 1082 A/G gene 







Odds Ratio (95% CI) P-value 
GG 4  (2.0%) 16  (8.0%) 
0.23 (0.08  to 0.72) 0.01 
AA + AG 196 (98.0%) 184 (92.0%) 
 
4.2.5. Distribution of IL-10 "-1082 A/G" polymorphism in the study population 
under dominant model: 
Table 4.16  illustrates the frequencies, odds ratio and P-value of the IL-10 "-1082 
A/G" SNP among RSA and control subjects. The frequency of the wild type (AA) 
genotype was 23.0% in RSA patients and 32.0% in controls, while the frequency of 
polymorphic G allele carrier represented by (AG+GG) genotypes was 77.0% in RSA 
patients and 68.0% in controls. The statistical analysis showed that there is a 
significant difference between the two groups (P-value = 0.04).   
 
Table 4.16: The frequencies, odds ratio and P-value of the IL-10 "-1082 A/G" 
polymorphism among RSA and control subjects under dominant model 
 
Genotype Patient Control Odds Ratio (95% CI) P-value 
AG+GG 154 (77.0%) 136 (68.0%) 
1.58 (1.01  to 2.45) 0.04 







4.2.6. Distribution of IL-10 "-1082 A/G" polymorphism in the study population 
under additive model: 
 
Table 4.17  illustrates the frequencies, odds ratio and P-value of the IL-10 "-1082 
A/G" SNP among RSA and control subjects. The frequency of the wild type (AA) 
genotype was 23.0% in RSA patients and 32.0% in controls, while the frequency of 
mutant type (GG) genotype was 2.0% in RSA patients and 8.0% in controls. The 
statistical analysis showed that there is no significant difference between the two 
groups (P-value =  0.07).  
 
Table 4.17: The frequencies, odds ratio and P-value of the IL-10 "-1082 A/G" 
polymorphism among RSA and control subjects under additive model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
mt/mt (GG) 4  (2.0%) 16  (8.0%) 
0.35 (0.11 to 1.11)  0.07 
wt/wt (AA) 46 (23.0%) 64  (32.0%) 
 
 
4.2.7. Distribution of IL-10 "-1082 A/G" polymorphism in the study population 
under Co-dominant model: 
Table 4.18 illustrates the frequencies, odds ratio and P-value of the IL-10 "-1082 
A/G" SNP among RSA and control subjects. The frequency of the heterozygous type 
(AG) genotype was 75.0% in RSA patients and 60.0% in controls, while the 
frequency of homozygous types represented by (GG + AA) genotype was 25.0% in 
RSA patients and 40.0% in controls. The statistical analysis showed that there is a 
significant difference between the two groups (P-value = 0.001).   
 
Table 4.18: The frequencies, odds ratio and P-value of the IL-10 "-1082 A/G" 
polymorphism among RSA and control subjects under co-dominant model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
mt/wt (AG) 150 (75.0%) 120 (60.0%) 
2.00 (1.30  to 3.07) 0.001 
mt/mt+wt/wt 
(GG + AA) 







4.3. IL-10  "-819 C/T"  Promoter Variant: 
 
4.3.1. Genotype frequency of the IL-10 "-819 C/T " polymorphism among RSA 
patients and controls 
 
Table 4.19 and Figure 4.8  illustrate the genotype frequencies of the IL-10 "-819 
C/T" polymorphism among RSA patients. The frequency of the wild type CC is 
61.5%, the frequency of the heterozygote CT is 34.0% while, the frequency of the 
homozygotes for the polymorphic allele TT is 4.5% in RSA patients. 
 
 




Genotype Frequency Percent % 
CC 123 61.5 
CT 68 34.0 
TT 9 4.5 
















































Table 4.20 and Figure 4.9  illustrate the genotype frequencies of the IL-10 "-819 
C/T" polymorphism among control women. The frequency of the wild type CC is 
55.5%, the frequency of the heterozygote CT is 36.5% while, the frequency of the 
homozygotes for the polymorphic allele TT is 8.0% in control women. 
 




Genotype Frequency Percent % 
CC 111 55.5 
CT 73 36.5 
TT 16 8.0 


































Table 4.21 illustrates genotypes frequency, odds ratio (OR), 95% confidence intervals 
(CI) and P value of the IL-10 "-819 C/T" SNP among RSA patients and controls. 
Statistical analysis of the genotype frequency of this SNP among RSA patients and 
control showed lack of significance between the two groups. 
 
Table 4.21: Genotype frequency of IL-10  "-819 C/T" polymorphism among RSA 








Odds Ratio (95% 
CI) 
P-value 
CC 123 (61.5%) 111 (55.5%) 1.28 (0.86  to 1.91) 0.22 
CT 68 (34.0%) 73 (36.5%) 0.90 (0.59  to 1.35) 0.60 
TT 9 (4.5%) 16 (8.0%) 0.54 (0.23  to 1.26) 0.15 
 
4.3.2. Alleles frequency of the IL-10 "-819 C/T" polymorphism among RSA 
patients and controls: 
Table 4.22  illustrates alleles frequency, odds ratio, 95% confidence intervals and P 
value of the IL-10 "-819 C/T"  polymorphism among RSA patients and controls. The 
statistical analysis of allele frequency of this polymorphism among RSA patients and 
controls showed that the difference was not  significant ( P-value = 0.12) between the 
two groups. 
  
Table 4.22: Alleles frequency of the IL-10 "-819 C/T" gene polymorphism among 








Odds Ratio (95% CI) P- value 
C 314 (78.5%) 295 (73.75%) 
1.30 (0.94 to 1.80) 0.12 











4.3.3. Hardy-Weinberg equilibrium in IL-10 "-819 C/T" polymorphism: 
Frequency of major allele C (p) = 111x2 + 73x1/200x2 = 0.74 
Frequency of minor allele T (q) = 16x2 + 73x1/200x2 =  0.26 
 
Expected genotype frequencies: 
Genotype AA: p
2
 x200 = (0.74)
2
 X 200 = 110  individuals.   
Genotype GA: 2pq x200 = 2X0.74X 0.26X 200 = 76  individuals. 
Genotype GG: q
2
 x200 = (0.26)
2
X 200 = 14  individuals. 
 
Table 4.23  illustrates the observed and expected genotype frequencies of  IL-10 "-
819 C/T"  gene polymorphism in control women with P-value = 0.42. This shows that 
there is  no significant deviation from Hardy-Weinberg equilibrium, so the 
distribution of  the genotypes of this SNP are in Hardy-Weinberg equilibrium. 
 
Table 4.23: Observed and expected genotype frequencies of the IL-10 "-819 C/T" 
polymorphism 
 
 CC CT TT 
Observed genotype 111 73 16 
Expected genotype 109 77 14 
P- value =  0.42               Chi square: X
2






















4.3.4. Distribution of IL-10 "-819C/T" polymorphism in the study population 
under recessive model: 
 
Table 4.24  illustrates the frequencies, odd ratio and P-value of the IL-10 "-819 C/T" 
polymorphism among RSA and control subjects. The frequency of the wild type C 
allele carrier represented by (CC +CT) genotypes was 95.5% in RSA patient and 
92.0% in controls, while the frequency of polymorphic TT genotype was 4.5% in 
RSA patients and 8.0% in controls. The statistical analysis showed that there is no 
significant difference between the two groups (P-value = 0.15). 
Table 4.24: The frequencies, odds ratio and P-value of the IL-10 "-819 C/T" gene 







Odds Ratio (95% CI) P-value 
CC + CT 191 (95.5%) 184 (92.0%) 
1.85 (0.80 to 4.28) 0.15 
TT 9 (4.5%) 16 (8.0%) 
 
4.3.5. Distribution of IL-10 "-819 C/T" polymorphism in the study population 
under dominant model: 
Table 4.25  illustrates the frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
polymorphism among RSA and control subjects. The frequency of the wild type (CC) 
genotype was 61.5% in RSA patients and 55.5% in controls, while the frequency of 
polymorphic T allele carrier represented by (CT+TT) genotypes was 38.5% in RSA 
patients and 44.5% in controls. The statistical analysis showed that there is no 
significant difference between the two groups (P-value = 0.22).   
 
Table 4.25: The frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
promoter variant among RSA and control subjects under dominant model 
 
Genotype Patient Control Odds Ratio (95% CI) P -value 
CC 123 (61.5%) 111 (55.5%) 
1.28 (0.86 to 1.91) 0.22 






4.3.6. Distribution of IL-10 "-819 C/T" polymorphism in the study population 
under additive model: 
Table 4.26  illustrates the frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
SNP among RSA and control subjects. The frequency of the wild type (CC) genotype 
was 61.5% in RSA patients and 55.5% in controls, while the frequency of mutant type 
(TT) genotype was 4.5% in RSA patients and 8.0% in controls. The statistical analysis 
showed that there is no significant difference between the two groups (P-value = 
0.12).  
 
Table 4.26: The frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
polymorphism among RSA and control subjects under additive model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
mt/mt (TT) 9 (4.5%) 16  (8.0%) 
0.51(0.22 to 1.19) 0.12 
wt/wt (CC) 123(61.5%) 111(55.5%) 
 
4.3.7. Distribution of IL-10 "-819 C/T" polymorphism in the study population 
under Co-dominant model: 
Table 4.27  illustrates the frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
SNP among RSA and control subjects. The frequency of the heterozygous type (CT) 
genotype was 34.0% in RSA patients and 36.5% in controls, while the frequency of 
homozygous types represented by (TT + CC) genotype was 66.0% in RSA patients 
and 63.5% in controls. The statistical analysis showed that there is no significant 
difference between the two groups (P-value = 0.60).   
 
Table 4.27: The frequencies, odds ratio and P-value of the IL-10 "-819 C/T" 
polymorphism among RSA and control subjects under Co-dominant model 
 
Genotype Patient Control Odds Ratio (95% CI) P value 
mt/wt (CT) 68 (34.0%) 73 (36.5%) 
0.90 (0.59 to 1.35) 0.60 
mt/mt+wt/wt 
(TT + CC) 














































Recurrent spontaneous abortion (RSA) is a frequent multifactorial complication of 
pregnancy, that has been studied tremendously but the causes and treatment for this 
ailment are not fully resolved yet.  
 
The occurrence of RSA affects about 1–3% of couples attempting to bear children 
(Christiansen et al., 2008). At least 50% of the RSA cases are considered idiopathic, 
i.e., of unexplained origin (Rull et al., 2012). In the face of unknown etiological 
factor(s), dysregulated immunity was proposed as a potential mechanism underlying 
RSA (Jenkins et al., 2000; Raghupathy, 2001). Evidence exists that inter-individual 
variation in the anti-inflammatory and pro-inflammatory cytokine levels may 
modulate the risk of unexplained RSA (Daher et al., 2003). 
 
In this regard, the success of pregnancy depends on maintaining a fine balance 
between Th1 and Th2 immunity (El-Shazly et al., 2004). This was reportedly 
characterized by a shift to Th2 (humoral) immunity, which involves augmentation in 
the production of Th2 cytokines e.g., IL-4 and IL-10 (Jenkins et al., 2000; Makhseed 
et al., 2001) accompanied by attenuation of Th1 cytokines synthesis (El-Shazly et al., 
2004). 
 
Cytokine production is mainly controlled at the gene transcription level and due to 
variation in genetic background and polymorphism - SNPs in particular - in cytokine 
genes, it is conceivable that individuals differ in their cytokine levels. For instance, 
IL-10 gene 5´-flanking region, which controls transcription, is polymorphic with two 
microsatellites and three SNPs "1082 A/G, -819 C/T, and -592 C/A" (Turner et al., 
1997; Stanilova, 2010). 
 
Interleukin-10 interacts with different factors and cells playing a central role in 
pregnancy. Produced both by Th2 and Treg cells, IL-10 exerts an inhibitory effect on 
Th1 cells and modulates maternal immune response. The production of IL-10 has 
been shown to vary according to individual's IL-10 gene polymorphism and pertinent 





Various studies from different populations have been carried out to assess the 
association between IL-10 gene polymorphisms and RSA, either at the genotypic or 
the haplotypic level. Three promoter region SNPs (-1082 A/G, -819 C/T, and -592 
C/A) have been implicated as potential risk factors for RSA. 
 
The present study was carried out in order to investigate whether the IL-10 - 
0102A/G, -819 C/T, and -592 C/A polymorphisms contribute to RSA susceptibility. 
The three promoter polymorphisms were investigated in 200 Palestinian women 
suffering from RSA and 200 healthy controls. 
 
 Association between  IL-10  Gene "-1082  A/G" " dbSNP ID rs1800896"  
Promoter Polymorphism and RSA: 
 
The distribution of IL-10 "-1082 A/G" genotypes is not in Hardy-Weinberg 
equilibrium among controls as a significant deviation (P- value = 0.00011) was 
recorded between observed and expected genotypes. This indicates that the frequency 
of alleles and genotypes of this polymorphism is not  maintained in our population.  
In terms of -1082 A/G allele frequencies, though not significant, the frequency of 
polymorphic G allele was more prevalent in RSA patients (39.5%) than in controls 
(38.0%) and reciprocally the wild type A allele was more prevalent in control women 
(62.0%) as compared to RSA patients (60.5). 
 
The AG genotype was more frequent in the RSA patients (75.0%) as compared to the 
control women (60.0%) and this difference proved to be statistically significant (P-
value = 0.0015). On the other hand, the GG and AA genotypes were significantly 
more frequent in the control women (8.0%, 32.0% respectively) relative to RSA 
patients 2.0%, 23.0% respectively); (P-values = 0.0108, 0.0446 respectively). 










Regarding IL-10 1082A/G polymorphism, the significantly higher homozygous (GG 
and AA) genotypes in the controls (Table 4.11) and the lack of significant difference 
in terms of the frequency of A or G alleles between RSA and control groups (Table 
4.13) imply that neither allele constitutes a risk factor for RSA in the study sample. 
 
Interestingly, the observed genotypic distribution of this polymorphism deviated 
significantly from HWE expectation with an unexpectedly high observed 
heterozygosity. The high observed/expected heterozygosity ratio points to a 
"heterozygote advantage" of this particular genotype. This heterozygote advantage 
could be related to as yet unidentified pathogen infection in Gaza strip population and 
deserves further investigations. Indeed, Hoebee et al. (2004) have reported 
heterozygote advantage at the IL-10 (-592 C/A) for respiratory syncytial virus (RSV) 
infections.   
 
Parveen et al. (2013) in their investigation on the association between  IL-10  gene -
1082  A/G promoter polymorphism and RSA in 200 northern Indian women with 
RSA and 300 control women, found that under G-allele dominant model a significant 
difference in genotypes and alleles frequencies existed between the two groups (Table 
5.1).  
 
(Babbage et al., 2001; Karhukorpi et al., 2001; Daher et al., 2003; Prigoshin et al., 
2004; Kamali-Sarvestani et al., 2005 and Zammiti et al., 2006) showed that there is no 















A summary of genotyping results from selected studies on relation between Il-10 
−1082 A>G polymorphism and RSA is illustrated in Table 5.1.  
 
Table 5.1. Comparison of IL-10 -1082 A>G genotype frequency RSA-control results 
compiled from selected studies. 
Study, country, ethnicity 
Cases: number and 
genotypes 
Controls: number and 
genotypes 
Present study (2014): 
Palestinian, Palestine 
200; GG 4; GA 150; AA 46 
 
200; GG 16; GA 120; AA 64 
Parveen et al. (2013): 
India, Indian, North 
india 
200; GG 15; GA 99; AA 86 
 
300; GG 12; GA 108; AA 180 
Zammiti et al. (2006): 
Bahrain, Tunisian, North 
Africa 
344; GG 72; GA 185; AA 87 
 
 
200; GG 39; GA 107; AA 54 
 
Kamali-Sarvestani et al. 
(2005): Iran, Iranian, 
Asia 
127; GG 24; GA 41; AA 62 130; GG 21; GA 47; AA 62 
Prigoshin et al. (2004): 
Argentina, Argentine 
Caucasian, America 
40; GG 6; GA 21; AA 13 
 
53; GG 9; GA 33; AA 11 
 
Daher et al. (2003): 
Brazil, Brazilian 
Caucasian, America 
43; GG 11; GA 19; AA 13 104; GG 16; GA 43; AA 45 
Karhukorpi et al. (2001): 
Finland, Finnish, Europe 
38; GG 9; GA 16; AA 13 131; GG 23; GA 64; AA 44 
Babbage et al. (2001): 
UK, Caucasian, Europe 
43; GG 12; GA 23; AA 8 
 
73; GG 12; GA 41; AA 20 
 
 
The IL-10 -1082 major (A) and minor (G) alleles' frequencies recorded in our control 
population are 0.62 and 0.38, respectively. These frequencies are higher, lower and 
comparable to those reported in other populations (Table 5.2). Apart from sample size 
effect and precision of genotyping method employed, the main reason for differences 
in frequency of polymorphic alleles should be due to population genetic structure in 














Brazil, Brazilian 0.90 0.10 104 Daher et al. (2003) 
Finland, Finnish, Europe 0.89 0.11 131 Karhukorpi et al. (2001) 
Indian, North India 0.78 0.22 300 Parveen et al. (2013) 
UK, Caucasian, Europe 0.698 0.302 73 Babbage et al. (2001) 
Iran, Iranian, Asia 0.665 0.335 021 
Kamali-Sarvestani et al. 
(2005) 
Palestinian, Palestine 0.62 0.38 200 Present study (2014) 
Argentina, Argentine 0.591 0.409 53 Prigoshin et al. (2004) 






























 Association between  IL-10  gene "-592 C/A" " dbSNP ID rs1800872"  
promoter polymorphism and RSA: 
The distribution of IL-10 "-592 C/A" genotypes is in Hardy-Weinberg equilibrium 
among controls as no significant deviation  (P- value = 0.076) was recorded between 
observed and expected genotypes. 
 
The CA genotype was more frequent in the RSA patients (56.5%) as compared to the 
control women (47.5%). This difference however, was not significant (P-value = 
0.0720). The CC genotype was more frequent in the control women relative to RSA 
patients (46.0%, 37.0% respectively) and this difference also was not significant (P-
value = 0.0682). The AA genotype was observed in similar frequency in the two 
groups (6.5% each). 
 
Results of this study showed that the IL-10 gene "-592 C/A" promoter polymorphism 
was not significantly different between RSA patients and the controls (all P-values > 
0.05). This non-significant relation was observed under both dominant and recessive 
models.  
 
This study results showed that the allele frequencies of -592 C/A are not significantly 
different between RSA patients and controls (P-value = 0.1745) as the alleles were 
observed in comparable frequencies in both groups. The frequency of the 
polymorphic A allele in RSA patients and controls was 34.75% and 30.25%, 
respectively, and that of the wild type C allele was 69.75% in controls and in 65.25% 
RSA patients.  
 
Based on these genotype and allele frequency results we can conclude that the IL-10 -
-592 C/A polymorphism does not represent a risk factor for RSA in our population. 
Lack of association between RSA and this IL-10 gene polymorphism is in agreement 
with the findings reported by (Babbage et al., 2001; Prigoshin et al., 2004 and 
Alkhuriji et al., 2013) but contradicts the findings of (Kamali-Sarvestani et al., 2005 
and  Zammiti et al., 2006) who demonstrated an association between IL-10 -592C/A 





Alkhuriji et al. (2013) in their study on Saudi females showed no significant 
differences in the frequencies of C and A allele and their pertinent genotypes between 
RSA patients and controls and hence -592 C/A cannot be considered as a clinically 
important polymorphism in unexplained RSA. 
 
In the contrary, Kamali-Sarvestani et al. (2005) demonstrated that the frequency of 
CC genotype showed a significant increase in Iranian women with RSA in 
comparison with the frequency observed in normal controls (63% in RSA as 
compared to 46% in controls; p < 0.01; OR= 0.51, 95% CI = 0.3–0.85). Their findings 
suggest that these patients have a genetic predisposition to secrete lower levels of IL-
10. Similarly, Zammiti et al. (2006) demonstrated an association between IL-10 -
592C/A promoter polymorphism among Tunisian RSA patients where, they reported 
the presence of higher- 292 CC genotype frequency in RSA as compared to normal 
women (209 versus 134, p value 0.07, OR (95% CI) 0.7 (0.5–1.0).  
 
 Association between  IL-10  gene "-819 C/T" " dbSNP ID rs1800871"  
promoter polymorphism and RSA: 
The distribution of IL-10 "-819 C/T" genotypes among controls proved to be in 
Hardy-Weinberg equilibrium as no significant deviation  (P- value = 0.42) was 
evident between observed and expected genotypes. 
 
The CC genotype was more frequent in the RSA patients (61.5%) as compared to the 
control women (55.5%) but this difference did not reach significance (P-value 
=  0.2236). The CT and TT genotypes were more frequent in the control women 
(36.5%, 8.0%, respectively) relative to RSA patients (34.0%, 4.5% respectively) but 
without significance (P-value = 0.6008, 0.1535 respectively). This non-significant 
relation was evident under both dominant and recessive models. 
 
The -819 C/T allele frequencies also were not significantly different between RSA 
patients and controls (P-value = 0.1156). However, the frequency of the polymorphic 
T allele was more prevalent in controls (26.25% ) than in RSA patients (21.5%) and 







Lack of association between RSA and IL-10 gene "-819 C/T" promoter 
polymorphism observed in this study is in agreement with the findings reported by 
other investigators (e.g., Babbage et al. 2001, Karhukorpi et al. 2001, Baxter etal. 
2001 and Kamali-Sarvestani et al., 2005). 
 
Contrary to our findings, Zammiti et al. (2006) demonstrated an association between 
the minor T-allele of IL-10 -819 C/T polymorphism among Tunisian RSA patients. 
Likewise, Parveen et al. (2013) demonstrated the existence, in northern Indian 
women, of an association between this IL-10 polymorphism and RSA as they found a 
higher frequency of the minor T-allele and the TT/CT genotypes in the patient group.  
 
Discrepancy between results of genetic association studies like those encountered here 
could be due to many reasons including population genetic variation (background) 
unrelated to the investigated alleles, presence of nucleotide polymorphism somewhere 
else  in the examined gene e.g., in the coding or intronic regions, epigenetic 
alterations and linkage disequilibrium to other sequence variants in the vicinity of the 


















































The present study focused on the polymorphism of IL-10 (-1082 A>G, -819 C>T, and 
-592 C>A)  gene in 200 Palestinian women in Gaza Strip suffering from RSA. The 
results of the study can be summarized as follows: 
 The distribution of IL-10 "-1082 A/G" genotypes is not in Hardy-Weinberg 
equilibrium. 
 
 The lack of significant difference in terms of the frequency of A or G alleles 
between RSA and control groups imply that neither allele constitutes a risk factor 
for RSA in the study sample. 
 
 The high observed/expected heterozygosity ratio points to a "heterozygote 
advantage" of this particular genotype "-1082 A/G". 
 
 The allele frequency of "-1082 A/G"  polymorphism observed this study is 
(0.62/0.38). 
 
 The distribution of  IL-10 "-592 C/A" and " -819 C/T " polymorphisms are both 
in Hardy –Weinberg equilibrium. 
 
 Based on these genotype and allele frequency results we can conclude that the IL-
10 -592 C/A polymorphism does not represent a risk factor for RSA in our 
population. 
 
 The study showed that there is no significant association between the  IL-10 -819 













 Future work should be directed to correlate the level of IL-10 cytokine with the 
three polymorphisms in our population. 
 
 Investigating the association between IL-10  rs151811 intronic variant and RSA. 
 
 Follow-up studies on additional IL-10 variants are needed to confirm (or 
alternatively rule out) the association of IL-10 variants with altered IL-10 
secretion and risk of RSA. 
 
 Examining other genes' polymorphisms involved in Th1-Th2 balance in RSA 
cases. 
 
 Heterozygote advantage of the IL-10 1082 A/G genotype needs further 
investigations as it could be related to as yet unidentified pathogen infection in 
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Appendix 1 (Consent form)                                                 
 
 
 بسم اهلل الرحمـن الرحيم
 
 إقرار موافقة بالمشاركة في بحث
 
:................................................أقر أنا الموقع أدناه   
 جستير العموم الحياتية من الجامعة اإلسالمية بغزة من برنامج ما أماني سييل اليندي: ةبأن الباحث
   عة, وم بو ومجرياتو وفوائده المحتممة وكذلك سمبياتو المتوق تقي عمى طبيعة البحث الذي تنقد أطمع
وجو. فساراتي وأسئمتي بوضوح وعمى أكملعمى كل است توقد أجاب  
عي نة دم  جزء من امنحيبوذلك ) البحث في أوافق عمى المشاركة هومختار  هحر  فإننيوبناًء عميو  
ولو  ,في االنسحاب من ىذا البحث متى شئت هكما أعمم تمامًا بأنني حر  (,سحبت ألغراض تشخيصية
ى حقي في تمقي من دون أن يؤثر ذلك عماألسباب, و دون إبداء  بعد الموافقة التحريرية ومصادقتيا
.الخدمات الصحية أو االستفادة من نتائج البحث  
 
المشارك سما  
وقيعالت                     
   التاريخ                                                                                     












Appendix 2  
